We show that a family of cyclic Hadamard designs de ned from regular ovals is a sub-family of a class of di erence set designs due to Gordon, Mills and Welch GMW]. Using a result of Scholtz and Welch SW] on the linear span of GMW sequences, we give a short proof of a conjecture of Assmus and Key on the 2-rank of this family of designs.
Introduction
We assume that the reader is familiar with the theory of designs and codes as can be found in AK1].
A symmetric (v; k; ) design is called a Hadamard design if v = 4n ? 1, k = 2n ? 1, = n ? 1 or v = 4n ? 1, k = 2n, and = n. We rst give the de nitions of two families of cyclic Hadamard designs. Unless otherwise stated, we will maintain the following notation throughout this paper: q = 2 m , F q is the nite eld of q elements, F q is the multiplicative group of F q , F n q denotes the n-dimensional vector space over F q formed by all n-tuples with entries in F q . We de ne a family D(q) of Hadamard designs as follows. The points of D(q) ) is m2 m?1 . The purpose of this note is to give a short proof of this conjecture.
Main Results
In this section, we rst show that M(q 2 ) is a sub-family of GMW designs (which will be de ned later). We will show that the conjecture of Assmus and Key follows from the result on the linear span of GMW sequences. Next we describe a construction of cyclic di erence sets by Gordon, Mills, and Welch. In the remainder of this paper, we select and x a primitive element of F q 2 . Also we x = q+1 as a primitive element of F q . We de ne a polynomial (x) =4) di erence set in F q 2 , then its Hall polynomial is de ned to be x e 1 + x e 2 + + x e q 2 =2 . We note that the de nition of Hall polynomial here depends on the choice of primitive elements of the nite elds involved).
In particular, we remark that (x) (y s ) (mod x q 2 ?1 ? 1) is the Hall polynomial of a cyclic di erence set whenever g:c:d(s; q ? 1) = 1. The di erence sets arising from Construction 2 are called GMW di erence sets, and the corresponding designs are called GMW designs. We will now prove that Constructions 1 and 2 are essentially the same. The present proof is adopted from the one appearing in N]. However, we have learned that this was independently proven in JW]. It will su ce to determine the Hall polynomial of a di erence set arising from Construction 1 and show that it has the form described in Construction 2.
Let M be as de ned in Construction 1. Now let the columns of M be ordered as 1; ; 2 ; ; q 2 ?2 , where is the xed primitive root of F q 2 . The rows of M may then be ordered so that M is circulant. Let r be the row of M associated with Tr q 2 q . Let x be the vector of the rst q + 1 entries in r. Then r = (x; x; 2 x; ; q?2 x). Let f : F q ! f0; 1g with f(0) = 0. To nd the Hall polynomial of any di erence set whose incidence matrix is of the form f(M) (i.e. those arising from Construction 1), we must simply nd the polynomial associated with f(r). To this end, we de ne: 
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